the majority of instances, the roentgen findings are nonspecific and cannot be relied on to confirm or deny the diagnosis ( fig. 1 ). On the other hand, when the clinical manifestations are so atypical that a dissecting aneurysm is not even considered, the chest film may be especially valuable and provide the first clue to the correct diagnosis.
There is some question regarding the pathogenesis of a dissecting aneurysm. It is not certain if it begins with a tear in the intima which allows blood to dissect into the aortic wall or if the initial insult is a rupture of a vasa vasorum, forming a hematoma in the media and secondarily breaking through the intima to establish communication with the true aortic lumen. In either case, as blood accumulates in the media, the intimal and adventitial layers of the aortic wall are spread apart. The intima is pushed inward and compromises the true lumen, while the adventitia is displaced outward and causes a widening of the aorta. This widening can often be appreciated on plain films of the chest but cannot be differentiated, on a single study, from the widening due to atheromatous A Figure 1 A 47-year-old male with sudden onset of severe chest pain and appearance of a diastolic murmur. (A) A frontal film of the chest shows moderate dilatation of the aorta and enlargement of the left ventricle. The findings are nonspecific and the presence of a dissecting aneurysm can neither be confirmed nor excluded. (B) A supravalvular aortogram reveals a double aortic lumen and is diagnostic of a dissecting aneurysm. The catheter is in the true lumen (T) which communicates with both the right (R) and left (L) coronary arteres. Opacification of the left ventricle (LV) indicates incompetency of the aortic valve. The false channel is situated on the right and anteriorly in the ascending aorta (F1) and posteriorly and to the left in the distal arch (F). Where the dissected intima is oriented tangentially to the X-ray beam, it is visualized as a linear, lucent shadow (arrows). disease. However, the latter is a gradual process and occurs over a period of years, whereas the dilatation produced by a dissecting aneurysm develops more acutely ( fig. 2 ). Review of previous chest films, especially if they were made within six months or so, is very important because a significant change in the size of the aorta occurring over a short time is strongly suggestive of a dissection.
The manner in which the aorta is widened can also have diagnostic significance. Distention of the adventitial layer by the dissection does not occur evenly and, as a result, the aortic contour is often irregular. This most commonly involves the posterolateral aspect of the descending aorta ( fig. 3 ). When a dissection begins just distal to the origin of the left subelavian artery, it may produce a localized bulge on the contour of the distal aortic arch due to the sudden increase in the diameter of the aorta at this point. This is best visualized in the left anterior oblique view, in which the arch and descending aorta are silhouetted against the air-containing lung.
An aneurysm beginning in the distal arch may also cause a disparity in size between the two limbs of the aorta. Normally, the descending portion of the aorta is of a lesser caliber than the ascending. If this relationship is reversed, the possibility of a dissection is Circulation, Volume XLIII, June 1971
Figure 2
A 58-year-old male with long-standing hypertension. (A) A routine chest film shows evidence of left ventricular enlargement and slight widening of the aorta. (B) Three days later, following an episode of severe, tearing chest pain, the aorta appears markedly dilated. The rapid increase in the size of the aorta is diagnostic of a dissecting aneurysm. suggested. A similar pattern of widening can be produced, however, by a fusiform aneurysm of the descending aorta.
The inward displacement of the intima cannot be detected on plain films unless there is calcification of the aortic wall. The calcification occurs within atheromatous plaques on the intima and normally is projected on a standard chest film, no more than 5 or 6 mm within the outer border of the aorta.2 Anything greater indicates widening of the aortic wall and, therefore, a dissecting aneurysm. This is in contrast to a saccular or fusiform aneurysm in which all layers of the aortic wall bulge outward and the intimal calcification maintains its normal relationship with the aortic contour ( fig. 4 ).
A calcific plaque on the intima is relatively flat and conforms to the curve of the aorta. It is seen only where it lies tangentially to the Xray beam and is projected as a linear density paralleling the aortic contour. Measurement of the thickness of the aortic wall is made from a point on the calcific shadow to a corresponding point on the external contour of the aorta. It is important that the two points lie at the same level or else the ineasurement has no validity. In the frontal view, estimation of wall thickness should be made only in the descending aorta because this courses more or less perpendicular to the X-ray beam.' The arch of the aorta is foreshortened in this view and a calcific plaque that appears to be in apposition to the external contour of the aorta actually can be several centimeters away. The superior aspect of the aortic arch can be used for this measurement when the patient is filmed in the left anterior oblique view for then the arch is projected without significant distortion.
Evaluation of intimal displacement cannot be made in the majority of cases because intimal calcification is not particularly associated with a dissecting aneurysm. Even when intimal calcification is seen, its diagnostic value is limited. Widening of the mediastinal shadow because of tumor or thickening of the Circulation, Volume XLIII, June 1971
Figure 3
A left anterior oblique view of the chest shows considerable irregularity of the posterolateral contour of the descending aorta (arrows). This is strongly suggestive of a dissecting aneurysm. The left pleural efusion has resulted from a beginning tear of the aneurysm.
mediastinal pleura may be indistinguishable from dilatation of the aorta. The outer contour of the mediastinum is displaced from the calcified intima and creates the false impression of an abnormally thickened aortic wall. On t-he other hand, a normal relationship between the observed calcification and the border of the aorta does not completely exclude the possibility of a chronic dissection because the calcium can be deposited with the dissected channel rather than on the intima.
Angiography
The angiographic diagnosis of a dissecting aneurysm depends on the demonstration of a double lumen within the aorta, one representing the true lumen and the other, the false channel within the aortic wall. In order to accomplish this and to completely evaluate a dissecting aneurysm, the aorta must be well opacified throughout its entire length, from the aortic valve to the iliac arteries. Although a venous angiogram may be adequate at times, catheter aortography is the method of choice for studying a dissection. 3' 4 If a large bolus of contrast material is injected rapidly through a large bore cannula into a peripheral vein or through a catheter into the vena cava, right atrium or ventricle, or the pulmonary artery, the aorta will be visualized during the levocardiogram phase. These techniques offer the advantage of simplicity, requiring only a venipuncture, and complications are quite uncommon. However, there are definite drawbacks to forward aortography which greatly limit its usefulness. When the patient's effective cardiac output is low, as in shock or when there is valvular insufficiency, the contrast material does not reach the left side of the heart as a bolus and is too dilute to produce satisfactory opacification of the aorta. Since one or both of these conditions are often associated with an acute dissection of the aorta, a significant number of patients will be excluded from this type of study. In addition, when there is good blood flow in the dissected channel, it will become opacified almost simultaneously with the true lumen and it will be difficult to localize the site of the intimal tear and to identify which of the major arteries are fed by each channel.
Selective aortography obviates these difficulties and can completely delineate the pathologic anatomy regardless of the presence of associated lesions. The procedure, if performed properly, entails a low risk. The fears of complications that delayed the widespread use of this technique for studying dissecting aneurysms have been exaggerated.5
A 6F or 7F catheter with multiple side holes is introduced percutaneously into a femoral or axilliary artery by the Seldinger technique, and advanced into the aorta under constant television monitoring of the fluoroscopic image. In general, we use whichever artery has the best pulsation, but all things being equal, the femoral artery approach simplifies the procedure. It is not important if the channel entered is not the true lumen so long Circulation, Volume XLIII, June 1971 as there is blood flow in the false channel. The presence of good pulsations in the peripheral artery attests to this.
Since the aortic wall is diseased and weaker than normal, some caution must be observed in advancing the catheter. The catheter, which is fairly stiff, should not be manipulated within the aorta unless the "floppy" portion of a spring guide wire, without a core-in its distal 8 to 10 cm, protrudes from the catheter tip. This type of wire has so little rigidity -that if the tip impinges on an irregularity of the aortic wall, it will buckle rather than perforate. A guide wire with a "J" curve at its tip serves the same purpose. Occasionally, however, the catheter does traverse the dissected Circulation, Volume XLlJII June 1971 intima and passes from the true into the false channel or vice versa (figs. 5 and 6). This does not cause any change in the clinical condition of the patient and is often first detected when the films are reviewed. Perforation of the outer wall of the aorta, which could be quite serious, is exceedingly rare.
In order to obtain good opacification of the aorta, the contrast material must be injected rapidly and this requires rather high pressures.
Care must be taken to insure that this injection is made only into a channel in which there is good blood flow. If the catheter tip lies within a partially clotted false channel, the forceful injection of 40 cc of contrast material could result in an extension of the dissection Figure 5 Dissecting aneurysm, supravalvular aortogram, right posterior oblique projection. The catheter has been advanced through the left axillary and subclavian (S) arteries into the true lumen of the aorta and then has perforated the dissected intima. The injection of contrast material is made into the false channel (F). The coronary arteries and aortic valve cannot be identified. The true aortic lumen (T), on this early film, appears as a lucent band, surrounded by the opacified false channel. or, conceivably, could rupture the aorta. Even if blood can be aspirated through the catheter, a test injection of a few milliliters of contrast material should be made, under fluoroscopic control, before attaching the pressure injector. A rapid washing away of the opaque medium indicates good flow and the procedure can continue. However, if the contrast material remains in a localized puddle, the catheter must be withdrawn to an area where there is good flow and then readvanced.
Because of the limitation imposed by the size of the films used in serial changers, the entire aorta cannot be visualized with a single injection of contrast material. The thoracic aorta is usually studied first, for most dissec-tions begin in this region. The patient is placed in the right posterior oblique position so that the arch of the aorta will be projected without significant foreshortening. The catheter tip should be near the aortic valve to insure that the root of the aorta will be well opacified. This is important because the intimal tear commonly occurs just above a sinus of Valsalva, and flow in the false channel will not be appreciated if the injection is made at a higher level. In addition, it is important to evaluate the competency of the aortic valve and the proximity of the dissection to the coronary ostia.
After satisfactory films of the upper aorta have been obtained, the catheter is repositioned at the level of the diaphragm, and, with the patient supine, another injection is made for visualization of the abdominal aorta. The catheter position is important for it will allow a clear distinction between those vessels fed by the true aortic lumen and those communicating with the dissected channel. Injection of contrast material at this level will opacify only one of the aortic channels because the tear in the intima and the major communication between the two lumens is almost always in the ascending aorta or distal to the origin of the left subelavian artery. If there is free flow in the false channel, a supravalvular injection will opacify both lumens and all of the aortic branches. When the catheter tip is in the lower aorta, only those vessels arising from the injected channel will be opacified ( fig. 7 ). So long as there is flow in both channels, injection into either one will supply the needed information.
The desirability of selectively opacifying only one of the channels in the abdominal aorta makes the femoral artery approach preferable to the axillary. Although the catheter must traverse a greater length of diseased aorta to reach the supravalvular region, the lower aorta is easily examined simply by pulling the catheter back to the desired level. Considerable manipulation may be needed to pass a catheter from the axillary artery into the descending aorta.
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Figure 6
A 65-year-old male with symptoms suggesting occlusion of a carotid artery. (A) A catheter has been passed from the femoral artery into the ascending aorta. Injection of contrast material shows a fairly homogenous opacification of the aorta. However, despite the straightening effect of the pressure injection, the catheter does not reach the superior border of the opacified lumen (--). This indicates the presence of a second channel whose inner wall limits the motion of the catheter. (B) A previous injection was made when the curve of the catheter was within the false channel (F). The catheter lies outside the displaced intima (arrows) and is sprung against the outer wall of the false lumen.
When there is flow in both aortic channels, they will both be opacified if the contrast material is injected upstream to the tear in the intima. Early films usually show denser opacification of the injected channel (figs. lB and 5), but this soon evens out. The opacified channels are separated by a linear lucency which represents the inner wall of the dissection, formed by the intima and a portion of the media (figs. 1B, 6, and 8). The line of the intima often courses obliquely because the dissected channel commonly pursues a spiral course in the aortic wall. The intima is usually not seen throughout the length of the aorta because it is visualized only where it is projected tangential to the X-ray beam. Where the intima is viewed en face, it is obscured by the contrast material within the lumens.
At times it is difficult to determine whether the catheter is in the true or false lumen. The Circulation, Volume XLIII, June 1971 pattern of involvement of the vessels of the arch and the major visceral arteries is quite variable. However, the coronary arteries almost always receive their blood from the true aortic lumen (fig. iB) . The aortic valve also remains in continuity with this lumen. Even if the dissection extends down to the aortic valve, its inferior contour will not show the characteristic cusped configuration of the aortic valve ( fig. 5 ). It is important to distinguish the two lumens in this region because an injection into the false channel cannot be considered adequate for excluding the presence of aortic insufficiency.
Where there is no flow within the dissected channel, the blood within it clots. Aortography then shows opacification only of the true lumen, which appears narrowed by the thickened aortic wall (fig. 9 ). The appearance may be similar to that of a fusiform aneurysm with a mural thrombus, except that the
Figure 7
Abdominal aortogram, frontal projection. The aortic lumen appears smoothly narrowed and the right renal artery is the only major visceral branch that is opacified. The left kidney is functioning and excreting contrast material (arrows) from a previous test injection, indicating that the left renal artery is patent but fed from another aortic channel. Diagnosis of a dissecting aneurysm can be made on this basis. dissecting aneurysm is more likely to involve a greater length of the aorta and is more likely to occlude branch vessels. If the intima is calcified, the two lesions can usually be differentiated. In a dissecting aneurysm, the calcification lies adjacent to the contrast-filled lumen while in the fusiform aneurysm it will be separated from the opacified lumen by the thickness of the mural thrombus. The spiral course of a dissection is remark-ably similar in the majority of cases. When the ascending aorta is involved, the false lumen is usually situated on the right and anteriorly ( fig. 1B ). In the mid-arch it lies superior to the true lumen, and in the distal arch and descending aorta tends to be posterior and on the left (figs. 6, 8, 9) . In the abdomen the false channel usually curves posteriorly from the left side and may extend into one or both iliac arteries. Any of the visceral arteries may Circulation, Volume XLIII, June 1971 superior margin of the opacified aorta it can be assumed that a dissection is present and the motion of the catheter is being limited by the displaced intima ( fig. 6 ).
Occasionally, when the diagnosis of a dissecting aneurysm is not suspected, a patient is referred for angiography because of abdominal pain. If the aortogram shows a relatively smooth or undulating narrowing of the lumen, the presence of a dissection is most likely. However, if the dissected channel is situated posteriorly, the narrowing it produces may not be detectable in the frontal projection. A complete absence of filling of one or more of the major branches of the abdominal aorta is suggestive of a dissection. Obstruction of these vessels by atheromatous plaques usually produces a tapered occlusion and the stump of the vessel can still be identified. Occlusion of communicate with the false channel, although the most commonly involved is the left renal artery6 (whose orifice is situated on the left posterior aspect of the aorta).
When both channels fill with contrast material, the aorta may appear homogeneously opacified and the presence of a dissection can be overlooked, at first glance. However, the behavior of the catheter during a pressure injection is quite characteristic when there is a dissection. When a catheter is passed from the femoral artery into the ascending aorta, it often lies in midstream as it traverses the arch. During the pressure injection of contrast material, the force applied to the catheter tends to straighten it out. The catheter then assumes the broadest possible curve and is sprung against the superior wall of the aortic arch. If the catheter does not reach the Circulaton, Volume XLIII, June 1971
Figure 9
Hematoma of the aortic wall. Levocardiogram phase of a pulmonary arteriogram. The aortic wall, between the contrast-filled lumen and the contour of the aorta (arrows), is markedly thickened. The length of the descending aorta is involved. There is no evidence of blood flow within the dissected channel in the aortic wall.
Figure 10
Abdominal aortogram in a young, hypertensive male. (A) The first injection of contrast material was made at the height of a strenuous Valsalva maneuver. The aorta appears narrowed and only the left renal artery (L) and the lumbar branches are opacified. The appearance is similar to that of a dissecting aneurysm. However, the selective filling of only those vessels whose ostia are in a dependent position suggested the possibility of layering of the contrast material within the aorta. (B) A second injection made during quiet respiration shows a normal appearance of the aorta and its branches. the vessel flush with the aortic lumen is characteristic of a dissection (fig. 7 ). The absence of filling of one or both renal arteries on an aortogram together with evidence of renal function, i.e., opacification of the collecting system, can be considered diagnostic of a dissecting aneurysm, the absent artery receiving blood from the nonopacified lumen ( fig.   7 ).
When a double channel is seen in the opacified aorta, an unequivocal diagnosis of a dissection can be made. When the false channel is clotted, the diagnosis can still be made with a high degree of certainty if the aortic wall is thick and the narrowing of the lumen is lengthy, especially if the pattern of the compression corresponds to the usual spiral course of a dissecting aneurysm. Although the margins of the aortic channels tend to be relatively smooth, local outpouchings may be seen. These most likely represent protrusions of the lumen into thrombus within the dissected channel.
False positive diagnoses from an aortogram are rare. Shadows in the lungs may parallel the contour of the aorta and mimic an opacified second channel, but should not cause much difficulty because they are present on scout films made before the injection of contrast material.
Layering of contrast material within the aorta can pose a problem. With normal, rapid flow, the contrast material remains well mixed with the blood in the aorta. However, if the Circulation, Volume XLIII, June 1971 Figure 1 1 Left ventricular angiocardiogram in a young female with an atrial septal defect. Lateral view, using a horizontal X-ray beam. The distribution of the contrast material suggests the presence of two channels within the aorta. The film was exposed during a run of extrasystoles, triggered by the ventricular injection, which has temporarily decreased the forward flow of blood into the aorta. The patient is in the supine position and the contrast material has layered out, settling into the most dependent portion of the aorta. cardiac output is decreased, the contrast material, which is heavier than blood, tends to settle to the most dependent part of the aorta. When viewed with a vertical X-ray beam, the contrast material may not span the entire diameter of the aorta and can create the impression of narrowing ( fig. 10 ). In addition, branch vessels arising above the layer of contrast material will not be opacified. We have encountered this in patients with low cardiac outputs due to heart failure, a run of extrasystoles ( fig. 11 ) or to a strenuous Valsalva maneuver ( fig. 10 ).
